Reproductive steroids were assessed in immature rainbow trout (Oncorhynchus mykiss) after 21-day exposures to 10% primary or 100% secondary-treated model-scale sewage treatment plant (STP) effl uent. Plasma testosterone was elevated over 4-fold in rainbow trout exposed to 10% primary model STP effl uent and 100% secondary model STP effl uent, and 1.7-fold and 2.5-fold in trout exposed in the following years, 2 and 3, respectively. Exposure to the positive control compound, 17β-estradiol (100 ng/L), raised plasma estradiol concentrations of exposed trout, but had few effects on plasma testosterone concentrations. There was no induction of ethoxyresorufi n-O-deethylase (EROD) activity by any treatment, but liver-somatic indices were elevated in year-1 fi sh exposed to 10% primary or 100% secondary-treated model STP effl uent. The results show that exposure to this model STP effl uent can increase circulating testosterone concentrations. The rainbow trout 21-day test proved to be a simple bioassay that holds promise for onsite assessments of effl uents.
Introduction

Estrogenic Responses in Wild Fish Exposed to Sewage Effl uents
During the past decade there have been many reports of estrogenic responses in fi sh exposed to sewage treatment plant (STP) effl uents (Purdom et al. 1994; Jobling et al. 1998) . Wild male roach (Rutilus rutilus) captured downstream of several sewage treatment plants in the U.K. had increased vitellogenin, a yolk-protein precursor (normally found only in female fi sh) that is produced in response to estrogens (Jobling et al. 1998) . Histological examination of the testes showed oocytes within testicular tissue, a condition termed "intersex" (Jobling et al. 1998) . The incidence of intersex was as great as 100% in males from two rivers, despite sampling locations being several kilometres from STP effl uent outfalls (Jobling et al. 1998) . Although genetic sex of the roach could not be determined, it was thought that the intersex fi sh were genotypic males that had been feminized by exposure to environmental estrogens, based on two lines of evidence: There was an inverse relationship between the proportion of normal males and intersex males at each site, and there was a signifi cant correlation between the plasma vitellogenin and the intersex index of each male (Jobling et al. 1998) .
Other studies in the U.K. have found similar feminization of male fi sh captured downstream of STPs. Male fl ounder (Platichthys fl esus) from nine sites along four river estuaries in the U.K. had increased plasma vitellogenin (Vtg), a yolk-precursor protein found only in mature female fi sh (Allen et al. 1999) . Feminization of some fi sh was apparent, with 17% of male fl ounder from the Mersey River having developed oocytes in their testes (Allen et al. 1999 ). Input to the rivers was largely municipal wastewater effl uents (MWWEs), many of which received only primary treatment at the time of the fi eld survey in 1996.
Estrogenic Responses of Lab Fish and Caged Fish Exposed to Sewage Effl uents
Controlled short-term laboratory exposures of fi sh to STP effl uents have shown estrogenic effects. Juvenile rainbow trout (Oncorhynchus mykiss) caged for 2 weeks downstream of a Swedish STP had massive induction of plasma vitellogenin (1.5 mg of Vtg/mL of plasma) (Larsson et al. 1999) . Rainbow trout held in 100% STP effl uent from Uppsala, Sweden, in 1998 had plasma vitellogenin concentrations that were four orders of magnitude higher than control fi sh (Deutsch 2000 , in Norman et al. 2000 . After upgrading the nitrifying capacity and doubling the retention time of wastewater within the Uppsala STP in 1999, no induction of Vtg was seen in trout and zebrafi sh exposed to 100% STP effl uent (Norman et al. 2000) .
Research has shown that the concentrations of estrogens in sewage effl uent are suffi cient to cause the observed Vtg-induction response in fi sh. Effl uents from seven U.K. STPs (treating domestic sewage) were found to be estrogenic (in the yeast estrogen screen, or YES assay, containing a human estrogen receptor), and a majority of the potency was due to three components: 17β-estradiol (E2), estrone (E1), and 17α-ethinylestradiol . Dramatic increases in plasma Vtg of male rainbow trout and roach were seen after 21 days exposure to concentrations of E2 and E1 that were found in typical STPs in the Desbrow et al. (1998) study ).
Estrogenic Responses in Fish Exposed to North American Sewage Effl uents
The effects of STP effl uents were predicted to be less severe in North America, due to increased fl ow of most North American rivers compared with rivers in the U.K. However, most studies of fi sh exposed to North American MWWEs have reported similar estrogenic responses to those seen in fi sh exposed to European STP effl uents. Male carp (Cyprinus carpio) captured in the Minnesota River downstream from the St. Paul Metropolitan sewage treatment plant had increased serum Vtg (with no increase in serum E2 concentrations) and decreased serum testosterone concentrations (Folmar et al. 1996) . A later study showed similar changes in a second species, walleye (Stizostedion vitreum), captured near the St. Paul Metropolitan sewage treatment plant (Folmar et al. 2001) . Male and female walleye had increased serum E2 and Vtg, and male walleye had decreased serum testosterone (Folmar et al. 2001) . Two Mississippi MWWEs induced Vtg in male channel catfi sh (Ictalurus punctatus) caged for three weeks in receiving-stream water (Tilton et al. 2002) . Studies of male fathead minnows (Pimephales promelas) exposed to a Denton (Texas) MWWE as it passed through constructed wetlands have shown Vtg induction and decreases in secondary sex characteristics after 3 weeks exposure (Hemming et al. 2001) . Methanol extracts of MWWE from Denton (Texas) and Red Hook (New York) induced plasma Vtg of male Japanese medaka (Oryzias latipes) after only 7-day exposures (Huggett et al. 2003) . Male longear sunfi sh (Leopomis megalotis) captured downstream of an Oklahoma MWWE had increased Vtg and increased plasma testosterone compared with fi sh from a reference site (Porter and Janz 2003) . Adult male mummichogs (Fundulus heteroclitus) had increased plasma and hepatic Vtg after a 21-day exposure to 75% Yonkers (New York) MWWE (McArdle et al. 2000) . Larval sunshine bass (Morone saxatilis x Morone chrysops) exposed to three New York City MWWEs for only 4 days had increased expression of estrogen receptors and increased Vtg (Todorov et al. 2002) .
Measurement of Circulating Steroids in Fish Exposed to Sewage Effl uents
Although most studies of fi sh exposed to MWWEs have focused on measuring Vtg, the measurement of circulating sex steroids in fi sh is another useful way of assessing the potential reproductive impacts of MWWEs. Laboratory exposure studies for assessment of steroid levels in fi sh are usually static renewal tests lasting from a week to a month. The steroids measured in blood plasma or serum included testosterone (T), 11-ketotestosterone, and E2.
Assessment of reproductive steroids in fi sh exposed to pulp mill effl uents has been shown to be a useful and predictive short-term bioassay. Lower levels of circulating steroids were seen in various species of fi sh after short-term exposure to Canadian pulp mill effl uents (McMaster et al. 1996a (McMaster et al. , 1996b Parrott et al. 1999a Parrott et al. , 1999b Tremblay and Van Der Kraak 1999; Dubé and MacLatchy 2000 , 2001a , 2001b ). Short-term exposures of an estuarine fi sh, mummichog (Fundulus heteroclitus) were able to detect endocrine-disrupting substances in pulp mill process streams (Dubé and MacLatchy 2001a ). Short-term exposures of rainbow trout to wood-related compounds, such as β-sitosterol, have shown that these plant sterols can affect fi sh steroids (Tremblay and Van Der Kraak 1999) .
The objectives of the present study were to expose rainbow trout for 21 days to primary-treated and secondary-treated model STP effl uent, and to assess impacts on reproductive steroid concentrations. We wanted to assess the potential reproductive impact of a Canadian primary and secondary-treated model-scale STP effl uent. Primary-treated sewage is usually much higher in ammonia, total suspended solids, and biological oxygen demand parameters compared with secondary-treated effl uent. Because of this we could expose fi sh to only 10% primary-treated model STP effl uent, and to 100% secondary-treated model STP effl uent. Concentrations of circulating steroids (T and E2) and hepatic mixed function oxygenase (MFO) activity (measured as ethoxyresorufi n-O-deethylase [EROD]) were measured in immature rainbow trout exposed to sewage effl uent (10% primarytreated effl uent or 100% secondary-treated effl uent), E2 (positive control compound, 100 ng/L), or control water.
Materials and Methods
Model-Scale Sewage Treatment Facility
The model-scale STP facilities at Sault College in Sault Ste. Marie, Ontario, Canada, were designed to provide training for those who intended to work in the fi elds of water and wastewater treatment. The fi ve litre per minute model-scale STP was acquired from the Wastewater Treatment Centre of the Canada Centre for Inland Waters (CCIW) in Burlington, Ontario. The plant is capable of demonstrating primary, secondary, and tertiary treatment for both municipal and industrial waste waters.
Wastewater was drawn directly from the municipal sewer main (of the town of Sault Ste. Marie, Ont.) by means of a submersible grinder pump. Industrial wastewater for treatment was stored in two 10,000-L insulated tanks. Raw surface water was stored in a 20,000-L insulated tank located in the outside compound adjacent to the plants.
During the exposure the plant was confi gured for conventional treatment. Primary clarifi cation (340-L tank) was followed by aeration in a single aeration tank (2,800 L) and a fi nal clarifi cation tank (530 L). Typical removal effi ciencies for biological oxygen demand (BOD) and total suspended solids (TSS) are 35% for BOD and 60% for TSS in the primary and 85% for both BOD and TSS in the secondary treatment. We do not have the data for the time of the exposure, but many years of plant operation have produced these results.
Fish Exposures
Rainbow trout were obtained a from local hatchery (Iron Bridge, Sault Ste. Marie, Ontario). One replicate was performed (n = 10 fi sh per treatment) each year for three years. Year-1 fi sh measured 13.8 ± 1.1 cm (fork length, mean ± standard deviation) and weighed 28.2 ± 8.8 g. Years-2 and -3 fi sh were larger: year-2, 20.7 + 1.3 cm, 92.8 ± 14 g; year-3, 20.3 ± 0.98 cm, 86.3 ± 14 g. Exposures were done on site at Sault College, close to the model-scale sewage treatment facility. Fish were held, 10 per pail, in clean garbage pails with lids (70-L size, fi lled to 50 L) in aerated, charcoal fi ltered, Sault Ste. Marie city water. Temperature was maintained at 12 to 13°C by holding pails in a large circulating water bath. The photoperiod was 16 h light to 8 h dark. Fish were fed 2% of their body weight per day of standard trout chow (fi sh food was obtained from the hatchery to ensure maintenance on the same diet for the 21-day exposures). Fish were fed four hours prior to solution changeover.
Exposures were to 10% primary effl uent, 100% secondary effl uent, high and low E2 (E2 high = 100 ng/L [1 mL of stock 5.00 mg E2/mL ethanol in a 50-L pail] and E2 low = 25 ng/L [0.25 mL of stock 5.00 mg E2/mL ethanol in a 50-L pail]), a water control, and an ethanol solvent control (1 mL ethanol in a 50-L pail, 0.002% ethanol in fi sh exposure water). Ethanol solvent control fi sh were added to the experimental design, because ethanol was the carrier solvent for the E2 exposures. Fish exposures were static-renewal, with solutions changed three to four times per week (every 2 days). Water quality parameters were measured daily: temperature (10°C), pH (7 to 8.5), dissolved oxygen (>80% saturation), and ammonia (0.6 to 1.3 mg/L).
Fish Sampling
After 21 days, fi sh were anaesthetized in a solution of tricaine methane sulfonate (MS 222, 1 mg/L, Sigma, St. Louis, Mo.) and a blood sample was taken from the dorsal vein through the caudal peduncle (using a heparinized syringe, 1 to 3 mL, 22 to 23 gauge). Blood was iced and spun in a chilled centrifuge (4°C). Plasma was transferred to pre-iced cryovials (each sample was split into two cryovials for E2 and T analyses) and immediately frozen on liquid nitrogen for later determination of plasma E2 and T concentrations.
Fish were killed by cervical dislocation, weighed, and measured (fork length). Fish were dissected and their gonads were visually assessed, and fi sh were sexed as female, immature, or male. Most fi sh were female or immature: Year-1 had 2 male fi sh of 54 and year-3 had 15 male fi sh of 56 total fi sh. The male fi sh were removed from the statistical analyses because plasma T concentrations were very high in these early-developing males. Livers were removed, weighed, and frozen on liquid nitrogen (and later stored at -80°C) for later determination of MFO activity, measured as EROD activity.
Livers were removed from the -80°C freezer and thawed on ice. Liver samples were individually homogenized in a HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) grinding buffer. Liver homogenates were centrifuged at 9,000xg for 20 minutes and the supernatant (S9) was removed for EROD assay. Activity of EROD was measured using a 96-well plate kinetic assay that followed the reduction of 7-ethoxyresorufi n to resorufi n over 12 minutes, using a multi-well-plate-reading fl uorometer (Cytofl uor 2300, Millipore Ltd.; 530-nm excitation fi lter; 590-nm emission fi lter; sensitivity, 3) (Hodson et al. 1996) . Protein content of the S9 supernatant was determined by the BIO-RAD spectrophotometric method (BIO-RAD, Hercules, Calif.), and specifi c EROD activity was expressed as picomoles of resorufi n produced per milligram of protein per minute (pmol/mg/min).
Rainbow trout blood samples were taken to determine levels of circulating sex steroids. T and E2 were determined in blood plasma (pg/ml) using a radioimmunoassay technique (McMaster et al. 1992 (McMaster et al. , 1995 . Blood plasma samples were thawed on ice and analyzed for concentrations of E2 and T. Briefl y, samples were extracted with solvent and charcoal, and precipitated in a solvent bath with dry ice. Extracts were tested for ability to compete with radiolabelled E2 or T (Amersham Life Science Inc., Arlington Heights, Ill., U.S.A.) for sites on an E2-or T-antibody (ICN Biomedicals Inc., Aurora, Ohio, U.S.A.). T and E2 binding curves were run at the same time as the sample. Results were expressed as pg of E2 or T per mL of blood plasma.
Data Analyses and Statistics
Plasma T, E2, and liver EROD activities were analyzed using analysis of variance (ANOVA) followed by protected two-sample t-tests (SYSTAT, Evanston, Ill.) to assess Bonferroni adjusted probabilities of differences (separate variances) between model STP effl uent-exposed fi sh and control fi sh (exposed to charcoal fi ltered Sault Ste. Marie city water). Differences among fi sh exposed to E2 (25 ng/L and 100 ng/L) were compared with the solvent control fi sh (fi sh exposed to 0.002% ethanol), because ethanol was the carrier solvent for the E2.
Results
Fish were successfully exposed to model STP effl uent for 21 days. Water temperatures remained relatively constant throughout the exposures (10.3 ± 1.3°C, mean ± standard deviation, n = 130). Stable pH (7.1 ± 0.28, n = 130) and adequate dissolved oxygen (10.3 ± 1.0 mg/L, n = 130) were maintained in all test solutions. Ammonia was signifi cantly higher in the 10% primary model STP effl uent (p < 0.001, ammonia concentration = 1.26 ± 0.19 mg/L, n = 14), compared with all other treatments (that had ammonia concentrations ranging from 0.59 to 0.73 mg/L). During exposures conducted in years 1, 2, and 3 of the study (1997, 1998, and 1999) fi sh survived exposure to 10% primary model-scale sewage effl uent (model STP effl uent) and 100% secondary model STP effl uent, and to high (100 μg/L) and low (25 μg/L) E2. There were no treatment-related mortalities over the 21-day exposures, although some fi sh died when they jumped out of exposure pails, and all fi sh in 10% primary model STP effl uent in year 2 died from human curiosity, when night-time janitorial staff removed the air-stone to view fi sh.
Exposure of rainbow trout to primary and secondarytreated model STP effl uent for 21 days increased plasma T concentrations (Fig. 1) . T was signifi cantly higher in fi sh exposed to primary-treated and fi nal sewage effl uent in year 1. Exposure to 10% primary-treated model STP effl uent caused a 4-fold increase in plasma T concentration (from 190 pg of T/mL of plasma in control fi sh, to 803 pg/mL in primary effl uent exposed fi sh), while exposure to 100% secondary model STP effl uent caused a 5-fold increase in mean plasma T concentration (from 190 pg of T/mL of plasma to 1,020 pg/mL in secondary effl uent exposed fi sh) ( Table 1 ). In year 2, similar trends were seen for fi sh exposed to 100% secondary-treated model STP effl uent: Fish had signifi cantly increased mean plasma T concentrations (196 pg/mL in control fi sh, 346 pg/mL in secondary effl uent exposed fi sh), although increases were not as dramatic, only 1.7-fold above mean plasma T concentrations of control fi sh, compared with 5-fold above controls the previous year (Table 1 ). There were no data for fi sh exposed to primary-treated model STP effl uent in year 2, as all fi sh died due to human error (see above). In year 3, rainbow trout plasma T was again increased with exposure to primary and secondarytreated model STP effl uent. Increases in mean plasma T concentrations were about 2.5-fold times those of control fi sh plasma T concentrations (43.6 pg/mL in control fi sh versus 109 pg/mL in primary effl uent exposed fi sh and 113 pg/mL in secondary effl uent exposed fi sh) ( Table 1) .
Exposure to low (25 ng/L) and high (100 ng/L) E2 caused increases in circulating E2 in blood of trout in years 1 and 2, but not in year 3 (Table 1 ) when low E2 exposure appeared to cause a decrease in circulating E2 in plasma. E2 exposures caused no signifi cant changes in circulating T in trout blood, except for year 3 when exposure to high E2 appeared to increase circulating plasma T (Table 1) .
There was no dramatic hepatic EROD induction in any of the treatments (Table 1) . Mean ERODs ranged from 1.75 to 5.97 pmol/mg of protein/min (Table 1) .
There were two treatment related increases in liversomatic index (LSI). In year 1, trout exposed to 10% primary or to 100% secondary-treated model STP effl uent had signifi cantly increased LSIs (2.10 and 1.92, respectively, versus a mean LSI of 1.46 for controls; Table  1 ). This pattern was not repeated in years 2 and 3. Trout LSIs throughout the experiments ranged from 1.18 to 2.10 (Table 1) .
Discussion
Ammonia in Model STP Effl uent
One of the factors that can infl uence fi sh survival and responses to MWWEs is ammonia. Ammonia was very high in our 100% model-scale primary-treated effl uent, about 13 mg/L compared with 0.700 ± 0.28 (n = 23) mg/L in the secondary-treated effl uent. Therefore, 10% primary effl uent was the highest concentration of primary effl uent that we could expose rainbow trout to. The ammonia concentration was 1.26 ± 0.19 (n = 14) mg/L in the 10% primary model STP effl uent treatment. This concentration was about 40% of the 96-h LC50 of 2.8 mg of NH 3 per litre for pH 7.5 water (average LC50 for 32 freshwater fi sh species, reviewed in Randall and Tsui 2002) . However, two conditions in our experiments would have protected the fi sh somewhat from ammonia toxicity: At the lower pH of our exposures (7.1), the ammonia was more in the NH 4 + form, and less was available in the uncharged NH 3 form that crosses membranes. Secondly, the fi sh in our experiments were fed every 2 days, and feeding decreases the toxicity of NH 3 to rainbow trout (Wicks and Randall 2002) . Fig. 1 . Mean plasma T concentrations (pg/mL, ± standard error) of immature rainbow trout exposed to control water (con), 10% primary treated (prim), or 100% secondary treated (sec) model-scale STP effl uent for 21 days during years 1, 2, and 3 of the study. Asterisks show signifi cant differences in T concentration compared with control fi sh, with p value indicated.
Changes in Plasma Steroid Concentrations of Rainbow Trout Exposed to Model STP Effl uent
Exposure of trout to sewage effl uent increased circulating T levels 1.7-to 5-fold over control fi sh. These results are similar to those seen by Tremblay and Van Der Kraak (1999) after exposure of trout to the plant sterol β-sitosterol for 21 days. As well, juvenile rainbow trout exposed to E2, retene, and β-naphthofl avone in our lab have shown increases in plasma T concentrations (data not shown). One study has shown increased T concentrations. Porter and Janz (2003) found MWWEexposed male longear sunfi sh had increased plasma T compared with fi sh from a reference site.
The increases in T seen with exposure to STP effl uents were unexpected, as most controlled studies of lab fi sh exposed to MWWEs have shown increased E2 and increased Vtg, and demasculinized fi sh (see introduction). It was, however, diffi cult to directly compare steroid responses from fi sh exposed to primarytreated effl uent versus secondary-treated effl uent, as the trout were exposed to 10% primary or 100% secondary effl uent (due to differences in toxicity from ammonia, BOD, and TSS in each effl uent). Decreased sex steroid concentrations are usually seen with pulp mill effl uent exposures. Studies of fi sh (trout, goldfi sh, mummichog, fathead minnows) exposed to pulp mill effl uents have reported decreases in circulating T concentrations (McMaster et al. 1996a (McMaster et al. , 1996b Parrott et al. 1999a Parrott et al. , 1999b Tremblay and Van Der Kraak 1999; Dubé and MacLatchy 2000 , 2001a , 2001b .
E2 was not consistently affected by exposure to model STP effl uent (Table 1 ). In years 1 and 2, there were no signifi cant differences in plasma E2 concentrations among control, primary-treated, and secondary-treated model STP effl uent exposure groups (Fig. 2) . In year 3, there was a signifi cant decrease in plasma E2 in trout exposed to 10% primary-treated model STP effl uent compared with control fi sh plasma E2. Decreased E2 concentrations are not usually seen with exposure of fi sh to STP effl uents. Rather, T concentrations were decreased (Folmar et al. 1996 (Folmar et al. , 2001 , and usually E2 concentrations and Vtg are increased (McArdle et al. 2000; Folmar et al. 2001; Hemming et al. 2001; Todorov et al. 2002; Huggett et al. 2003) . Exposure to E2 (low, 25 ng/L; high, 100 ng/L) increased concentrations of circulating E2 in blood of trout in years 1 and 2 of the experiments.
Because the study was run over three years, there were undoubtedly some differences in the performance of the model-scale STP. The increased potency of the model STP effl uent during July (year 1) may have been due to biological differences in the responses of rainbow trout, or may have been caused by differences in treatment and operation of the model-scale STP in the summer compared with years 2 and 3, which were run in the winter months.
The study was also statistically pseudoreplicated. Because of the limitations in space and the design of the fi sh exposures, we could not expose several replicates per model STP effl uent at one time. Only one replicate (of 10 fi sh) was tested for each treatment in each year of the research. A better design would have been three replicates of 3 or 4 fi sh per treatment per year. However, the logistics of keeping the water temperatures cool for the trout made it possible to house only 7 large buckets in the circulated cooling pond baths at one time, and not 21 smaller buckets. Smaller buckets with fewer fi sh would have made for better statistical design, but poorer animal husbandry and more stress to the fi sh. In our design, with one large bucket containing 10 fi sh exposed to one model STP effl uent treatment, the fi sh were pseudoreplicates. True replication of the exposures occurred over the three years of the study; fi sh were exposed to primary and secondary-treated model STP effl uent over time as we returned yearly to assess effects of the model STP effl uents at Sault College. While this was not ideal statistical design, we feel that this is suffi cient replication to demonstrate the consistent observed trends in steroid hormones observed in the trout (Table 1) .
LSI and EROD in Trout Exposed to Model STP Effl uent
There was an increase in LSI in year 1 fi sh exposed to 10% primary and 100% secondary-treated model STP effl uent. Similarly, Weber et al. (2008) saw increased LSIs of fathead minnows and creek chub (Semotilus atromaculatus) downstream of two Ontario STPs.
There was no signifi cant EROD induction in any of the MWWE or E2 treatments. There are few reports of MWWEs affecting MFO activities of fi sh. In contrast, pulp mill effl uents, oil refi nery effl uents, and water from PAH-contaminated harbours can induce MFO and increase LSIs in fi sh (Parrott et al. 1999a) . Fig. 2 . Mean plasma E2 concentrations (pg/mL, ± standard error) of immature rainbow trout exposed to control water (con), 10% primary treated (prim), or 100% secondary treated (sec) model-scale STP effl uent for 21 days during years 1, 2, and 3 of the study. Asterisks show signifi cant differences in T concentration compared with control fi sh, with p value indicated.
Conclusions
Exposure of rainbow trout to primary (10%) or secondary (100%) model-scale STP effl uent altered their sex steroid profi les. Concentrations of T in blood plasma were elevated by exposure to model STP effl uent. Difference in baseline T and E2 concentrations found in control fi sh suggest some biological differences in the fi sh used during the three years of the experiments. However, despite these differences in control E2 and T, we were able to detect signifi cant increases in T of fi sh exposed to primary and secondary-treated model STP effl uent during the three years of the study. T was signifi cantly elevated in blood plasma of fi sh exposed to model-scale STP effl uent for 21 days. E2 exposure (positive controls, 25 and 100 ng/L) caused some increased E2 in plasma of fi sh, indicating exposure and uptake of E2. Few changes in plasma T were seen in E2-exposed fi sh. The exposures provided a quick and simple way to assess the potential steroid disruption caused by primary-treated and secondary-treated model STP effl uent. The rainbow trout steroid bioassay is a useful test for detecting STPinduced steroid alterations in fi sh.
